We propose that quarks and leptons are interchangeable entities in the high-energy limit. This naturally results in the extension of [SU (3)]
Leptons are different from quarks in two important ways. (1) Quarks come in three colors and they interact as triplets under the color SU(3) gauge group, whereas leptons are singlets and do not interact at all in this respect. (2) Quarks have fractional electric charges, whereas leptons have integral charges. These differences are obvious but perhaps they are also superficial. By that we mean the possibility that leptons and quarks are actually very much alike in the high-energy limit, and they only appear to be different at low energies.
The implementation of this idea turns out to be very simple and natural. We merely accept the existence of a separate lepton color SU(3) l gauge symmetry [1] , which is broken at a high scale to SU(2) l . Two of the three components of this lepton color triplet are confined by the residual SU(2) l gauge interactions, but the third is unconfined, and that is what we observe at low energies. At the same time, the partial breaking of the lepton color SU(3) l allows us to understand the electric charge differences between quarks and the observed leptons.
The minimum gauge group containing leptonic color is SU(3) q ×SU(3) l ×SU(2) L ×U(1). This is very interesting by itself and has been thoroughly discussed [1, 2] . However, in considering SU(3) q × SU(3) l × SU(3) L × SU(3) R quartification, we find important new effects. Our main result is the unification of all gauge couplings at around 10 11 GeV without supersymmetry, which comes from the natural occurrence of exotic SU(2) l doublet fermions at the TeV scale.
Quarks and leptons interact with each other through a common set of gauge bosons, i.e. the photon and the W ± and Z 0 bosons. In addition, quarks interact among themselves through the SU(3) c gluons. This pattern is somewhat asymmetric, but it may only be so because it is the low-energy remnant of a much more symmetric theory at high energies. An intriguing possibility is trinification based on the gauge group would be zero.) Using a "moose" [7] or "quiver" [8] diagram, this model may be depicted as in Fig. 2 . 
Although chiral, this assignment is free of all triangle anomalies. Whereas q and q c may be 
Here Y l takes the same values as Y L or Y R depending of course on whether it is part of a triplet or antitriplet. The matrix representations of l and l c are respectively. Because of their half integral charges, we call the SU(2) l doublets "hemions".
To obtain the usual lepton and quark masses, we need the analogs of the scalar multiplets of Eq. (4), i.e.
which allow the Yukawa terms T r(ll c φ a ) and T r(q c qφ † a ). As in the case of trinification, two such φ fields are necessary to generate realistic quark masses and nonzero mixing angles. In the basis I 3L = (−1/2, 1/2, 0) for the columns and I 3R = (1/2, −1/2, 0) for the rows, we note that (φ a ) ij has the same charge assignments as λ of Eq. (2). Two other scalar multiplets
are also assumed, by which SU(3) l may be broken down to SU(2) l . The Yukawa terms
R are a priori possible, but we forbid them by a discrete symmetry to be discussed later.
Consider the neutral components of φ L , φ R , and φ that are also singlets under Consider the possibility that the four SU(3) gauge couplings are equal at some high scale.
Instead of embedding [SU(3)]
4 in a single simple group as in ordinary grand unification, we invoke a cyclic Z 4 symmetry which rotates the four gauge groups in the manner indicated by the moose diagram of Fig. 3 . The fermionic spectrum is already compatible with such a Z 4 symmetry with q → l → l c → q c → q. The Higgs sector is enlarged to accommodate
3 ) are contained in the
with the new φ 2 transforming as (3, 1, 3 The renormalization-group evolution of the gauge couplings is dictated at leading order
where b n are the one-loop beta-function coefficients, 
where the factor of 2 in the last relation [and the normalization of b 1 in Eq. (15) 2l (M Z ) ≈ 21, which is between the weak and strong couplings. Below the weak scale, the evolution is driven only by the SU(2) l gauge bosons.
The coupling becomes strong at a scale Λ 2l ≈ 1 keV, five orders of magnitude less than
Let us look at the hemion masses in more detail. If the llφ L and l c l c φ R terms were not forbidden, then all hemions would be heavy at the quartification scale. As it is, they are forbidden by a discrete symmetry, so certain hemions become massive only through φ 11 , φ 22 , and φ 31 , with the same Yukawa couplings as the observed leptons, which is not realistic. Thus we consider the possible existence of the nonrenormalizable terms such as 
where The SU(2) l gauge symmetry is unbroken. In analogy to the gluons of SU(3) q , we call the 3 massless gauge bosons of SU(2) l "stickons". They serve to confine the hemions into integrally charged particles. They can also stick together to form "stickballs". In quantum chromodynamics, the glueballs are very unstable because they are heavier than the mesons.
Here the corresponding "mesons" are much heavier than the stickballs. Since the hemions are also electrically charged, a necessary decay mode of a stickball is into 2 photons, but is suppressed by the mass of the hemion in the loop. At the TeV scale, hemions may be accessible at future colliders. Two hemions will combine to form 3 kinds of particles: call them λ + , λ 0 , λ − . Whereas λ 0 decays immediately into 2 stickballs, λ ± is somewhat more stable, because it has to decay into a W ± and a stickball.
In conclusion, we have proposed a novel scenario for the unification of quarks and leptons based on the gauge symmetry SU(3) q ×SU(3) L ×SU(3) l ×SU(3) R . Leptons become just like quarks in that there is also a color SU(3) l . However only the subgroup SU(2) l is unbroken, and the corresponding confined "lepton" doublets (which we call hemions) are either very heavy or at the TeV scale, whereas the observed leptons are singlets and unconfined. We have discussed how this [SU(3)] 4 quartification is broken at around 10 11 GeV to the gauge symmetries of the standard model plus SU (2) 
